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ABSTRACT 

A VI Wesenheit and period-colour analysis based on new OGLE observations reaffirms Fer- 
rarese et al. discovery of 5 Type II Cepheids in NGC 5128. The distance to that comparatively 
unreddened population is d = 3.8 ± 0.4(tJj) Mpc. The classical Cepheids in NGC 5128 are the 
most obscured in the extragalactic sample (n = 30) surveyed, whereas groups of Cepheids tied 
to several SNe host galaxies feature negative reddenings. Adopting an anomalous extinction 
law for Cepheids in NGC 5128 owing to observations of SN 1986G (Ry — 2.4) is not favoured, 
granted SNe la may follow smaller Ry. The distances to classical Cepheids in NGC 5128 exhibit 
a dependence on colour and CCD chip, which may arise in part from photometric contamination. 
Applying a colour cut to mitigate contamination yields d ~ 3.5 Mpc (V-I < 1.3), while the 
entire sample's mean is d ~ 3.1 Mpc. The distance was established via the latest VI Galactic 
Wesenheit functions that include the 10 HST calibrators, which imply a shorter distance scale 
than Sandage et al. (2004) by > 10% at P ~ 25 d . HST monitored classical Cepheids in NGC 
5128, and the SNe hosts NGC 3021 & NGC 1309, follow a shallower VI Wesenheit slope than 
ground-based calibrations of the Milky Way, LMC, NGC 6822, SMC, and IC 1613. The dis- 
crepancy is unrelated to metallicity since the latter group share a common slope over a sizeable 
abundance baseline {a = — 3.34 ± 0.08(2cr), A[Fe/H]~ 1). A negligible distance offset between 
OGLE classical Cepheids and RR Lyrae variables in the LMC, SMC, and IC 1613 bolsters as- 
sertions that VT-based Wesenheit functions are relatively insensitive to chemical abundance. In 
sum, a metallicity effect ( VI) is not the chief source of uncertainty associated with the Cepheid 
distance to NGC 5128 or the establishment of the Hubble constant, but rather it may be the ad- 
mittedly challenging task of obtaining precise, commonly standardized, multiepoch, multiband, 
comparatively uncontaminated extragalactic Cepheid photometry. 



Subject headings: 



Introduction 



Ferrarese et al 



(|2007Q discovered at least 51 
classical Cepheids and 5 Type II Cepheid candi- 
dates in NGC 5128 (Centaurus A). The compre- 
hensive survey provides an opportunity to ascer- 
tain the distance to NGC 5128 from population I 
& II standard candles. That is particularly per- 
tinent granted the classical Cepheid distance to 
NGC 5128 is inconsistent with independent indi- 
cators. The discrepancy has been attributed to 
an anomalous extinction law and ambiguities sur- 
rounding the sensitivity of W-based Cepheid re- 



lations to chemical abundance. Yet alternative ra- 
tionale are favored in the present study. 

Type II Cepheids continue to garner atten- 
tion as a means of establishing the distances 
to globul ar clusters, the Galact i c center, and 
galaxi es ( Kubiak fc Udalskl 20031: Maiaess et al 



2009al d: iMaiaesd 120091 l2010h . Indeed, at least 
21 Type II Cepheids were observed beyond 



the local group in M106 (jMacri et al.l [2006; 



Maiaess et al.l l2009d ). The distance inferred to 



that galaxy from Type II Cepheids agrees with 
estimates established by masers and classical 



1 



Ceph e ids (Dttt ^ 7.3 Mpc, 



19991 : iMacri et ahl 120061 : IMaiaess et~ 



Herrnstein et al 



Discovering Type II Cepheids and RR Lyrae vari- 
ables in galaxies hosting classical Cepheids offers 
an opportunity to constrain the effects of chemi- 
cal com position on their luminosities and intrinsic 
colours ( Freedman k, Madore 1996t Udalski et al 



200 it iMajaess et alJl2009aB d: [Majaessll2009L l2010l 



see al so the historic precedent outlined in lTammann et al 
20081 ). However, the statistics must be conducive 
to the task, while the degeneracies posed by other 
uncertainties mitigated (e.g., photometric contam- 
ination via blending and crowding). 

In this study, additional evidence is presented 
to secure membership for 5 Type II Cephe id candi- 
dates observed by iFerrarese et al" ( 2007 ) in NGC 
5128 (S}2|). In ij3] distances are computed for 
that galaxy's population of classical and Type II 
Cepheids, namely by employing: the latest VI 
Galactic calibration which includes the new HST 
parallaxes for 10 nearby classical Cepheids; and 
a calibration inferred from recent VI observations 
for 197 Type II Cepheids in the LMC (OGLE). 
The associated uncertainties tied to the derived 
parameters are discussed, and pertain directly to 
the Cepheid distance scale and the establishment 
of Hq. It is advocated that an anomalous extinc- 
tion law ($3|) and variations in chemical compo- 
sition amongst Cepheids f §4.1|) are unrelated to a 
significant disparity between the Cepheid distance 
to NGC 5128 and independent indicators. The 
discrepancy may stem from the difficulties inher- 
ent to obtaining extragalactic Cepheid photome- 
try (S3). 



2. Type II Cepheids in NGC 5128 



Ferrarese et al 



(|2007l ) identified 
Cepheids in NGC 



several po- 
5128, with 



tential Type II 
an emphasis placed on the following variables 
that exhibit Cepheid-like light curves: C43, C50, 
C52, C54, and C56. However, the absence of a 
VI calibrating dataset hampere d efforts to se- 



cure the classification (footnote 9, IFerrarese et al 
20071 ). The relevant data would be published 



a year later by the OGLE consortium who ob- 
served 197 Type II LM C Cepheids in V and I 



I Soszvnski et al. 2008a). The 



candidates high- 
now be 



(2007) may 



lighted by IFerrarese et al 
reassessed via VI Wesenheit and period-colour 
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Fig. 1. — VI Wesenheit and period-colour diagrams 
confirm IFerrarese et al . 2007 discovery of five Type 
II Cepheids in NGC 5128. Type II and Classical 
Cepheids are indicated by red triangles and black dots 
accordingly, and are distinctly separated by ~ 2 mag- 
nitudes in Wesenheit space. The Wesenheit magni- 
tudes were evaluated as Wvi = V — Rvi x (V — I), 
where Rvi = 2.55 is the canonical extinction law. 
The slopes of the Wese nheit funcitons are variants 
of the LMC calibration (|Maiaess et al.ll2009d . OGLE 
photometry). Long-period classical Cepheids in NGC 
5128 exhibit a sizeable colour excess. 



diagrams (Fig. [T]). There are drawbacks to apply- 
ing only the aforementioned diagn ostics to secure 
a Typ e II Cepheid designation ( Maiaess et al.l 
2009c! ) . The former diagnostic is degenerate 



since variables of separate classes may overlap 
the Type II Cepheid Wesenheit relation, like 



semi-regulars ( 


Soszvnski et alj2007t 


2008a, 2009b; 


Pellerin et al. 


20091 Maiaess et al l 


2009c). The 



latter diagnostic is problematic owing to differ- 
ential reddening displacing a variable from the 
intrinsic or mean Type II Cepheid trend. A 
strict adh erence to the mean p eriod-colour cri- 



terion led IMaiaess et al.l (2009cJ) to reduce their 



preliminary sample of >100 extragalactic Type II 
Cepheids (excluding the LMC) by nearly ~ 50%. 
Additional diagnostics are needed which include 
period-amplitude and Fourier analyses of the light 



2 



curves. Yet RV Tau stars, which cons titute the 
brigh test subclass of Type II Cepheids ( Szabadosl 
2010) and are therefore often detected in extra- 
galactic surveys, exhibit somewhat chaotic and 
non-unique light curves that hamper efforts to se- 
cure a designation. The matter is exacerbated 
since observations for Type II Cepheid candi- 
dates in remote galaxies are typically sparse and 
uncertain, particularly since the stars are often 
sampled fortuitously near the limiting magnitude 
of surveys seeking to discover brighter classical 
Cepheids. 

All the candidates highlighted bv lFerrarese et al 



(|2007l ) fall on the VI Wesenheit relation charac- 
terizing Type II Cepheids (Fig.[T]). The Wesenheit 
functi on is define d and d is cussed inlvan den Bergh 



(1968) 



(1983, 
20091 ). and 



[Ooolski 



1988) 



Turner 



Madord (Il982l). 
Madore fc Freedmanl (fl99ll 
( 20101 ). The relation is reddening-free and rela- 
tively insensitive to the width of the instability 
strip. The population of Type II and classical 
Cepheids are distinctly separated by ~ 2 magni- 
tudes in Wesenheit space. BL Her, W Vir, and RV 
Tau stars do not follow the same linear VI Wesen- 



heit function flS oszyrisk i et al 



Matsunaga et al. 2006, 2009: 



2008a l altho ugh see 
FeastlboiOh . How- 



ever, the linear relations displayed in Figure [T] 
merely i dentify and segregate the Cepheid pop- 
ulations (jMaiaess et al. 2009c ). A separate rela- 
tion that accounts for the reputed non-linearity 
of the VI Type II Cepheid Wese nheit function 



is emp loyed to establish distances (|Maiaess et al.l 



2009 



The VI period-colour diagram demonstrates 
that the Type II Cepheid candidates exhibit ap- 
parent colours that are analogous to or some- 
what bluer than their classical Cepheid coun- 
terparts (Fig. [!}. That agrees with the trend 
noted for class ical and Type II Cep heids in the 
LMC and M31 (iMaiaess et al.ll2009cl pho tometry: 
Udalski et allll999t iBonanos et alj|2003h . Semi- 
regulars, by contrast, are typically redder than 
Cepheids. The sparse sampling results in large 
uncertainties for the deduced mean magnitudes, 
periods, and hence classifications for the Type II 
Cepheid candidates. The variables exhibit pulsa- 
tion periods likely matching an RV Tau subclas- 
sification. RV Tau stars may display alternating 
minima and maxima (see the interesting discus- 
Wils fe Oteroll2008l) . however, that effect 



sion m 



cannot be detected in the present data owing to 
the limited sampling and uncertainties (one cycle 
~ 44 d ). 

3. The Cepheid Distance to NGC 5128 

The distance to the Type II Cepheids in NGC 
5128 may be ascertained via the VI reddening - 
free relation established by IMaiaess et al.l (l2009ah 
from OGLE LMC calib rators (jUdalski et all 199a 
Soszvhski et al. I l2008al) . Likewise, the distance to 



the classical Cepheids may be co mputed using a 



VI G alactic Cepheid calibration (Ma iaess et al 



2008). That calibration is based primarily on the 



efforts of fellow researchers who established clas- 
sical Cep heids as members of Galactic open clus- 
ters (e.g..lSandagell958tlMadore fc van den Bergh 
1975tlTurner et al.l l992) or secured precise trigono- 



metric parallaxes (HST, iBenedict et al.l 120071) . 
The resulting mean distance to the classical 
and Type II Cepheids in NGC 5128 is: D TI = 
3.06 ± 0.07(cr s ) ± 0.54(a) Mpc and D TU = 
3.8 ± 0.4(er s ) ± 0.8(a) MpcQ The classical 
Ce pheid distance is essentially that determined 
bv lFerrarese et all assuming the canonical extinc- 
tion law (Dti — 3.1 Mpc, see their Table 6). The 
agreement is expected granted the Galactic clas- 
sical Cepheid calibr ation yields a distance to the 
LMC of fi ~ 18.4 5 (IMaiaess et all 12003, IMaiaess 
I2009L photometry: Uc alski et al.l 19991 : Sebo et al 



I2OO2L ISoszynski et all l2008bl ). which is compara 



ble to the zero-point of th e dista nce relation they 
employed. iFerrarese et al. ( 2007 ) consider and in- 
variably adopt an anomalous extinction law for 
NGC 5128's Cepheids based on observations o f 
supernova 1986G (R v = 2.4. iHough et al.lll987h . 



thereby increasing their estimate to Dti — 3.4 
Mpc, which is the distance cited throughout 
the literature. Yet recent observations indicate 
that SNe la may follow smaller Ry than the 
canonical extinct i on law jElias-Rosa et all [2 006: 



Wang et al. 2006 



Goobarll2008l iNobili fc Goobar 



2008). iRiess et al.l (|2009bl ) cite a consensus value 
of Ry — 2.5 f or SNe la wh i ch is consistent with 
that found by IHough et all (Il987l) for the super- 



nova in NGC 5128 (SN 1986G). Adopting an 



and a are the internal stan dard error and standard de- 
viation. [Fcrrarcsc ct al. 2 0071 error budget is provided in 
their Table 7. Note that the Cepheid distances deviate as 
a function of colour and CCD chip by upwards of ~ 0.4 
Mpc f flOl Fig.0. 
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Fig. 2. — The slope of the VI classical Cepheid We- 
senheit relation is relatively insensitive to metallic- 
ity. HST observations of classical Cepheids in NGC 
5128, NGC 1309 and NGC 3021 (blue squares) follow 
a shallow slope by comparison to the latest ground- 
based observations of variables in the Milky Way, 
LMC, NGC 6822, SMC, and IC 161 3 (black dots 
a = -3.34 ± 0.08(2cr)). The slope of ISandage et alj 
2004 Galactic calibration, based upon the best avail- 
able data at the time of derivation and represented 
by the red triangle, disagrees with that inferred from 
the new HST parallaxes and (revised) cluster Cepheids 
(a ~ -3.4). 



anomalously low extinction law for Cepheids in 
NGC 5128 based solely on observations of SN 
1986G is not favoured. 

The mean classical Cepheid distance to NGC 
5128 disagrees wit h other indicators by ~ —20% 
(|Harris et al.ll2009l see also the NASA/IPAC Ex- 
tragalactic Da tabase (NED) master l ist of galaxy 
distanced by iMadore & Steerl 120071 ). The dis- 
tances cited above should be interpreted cau- 
tiously, irrespective of the aforementioned dis- 
crepancy. The Type II Cepheid estimate presently 
exhibits small statistics and large uncertainties, as 
expected. The distances computed for the classi- 
cal Cepheids exhibit a dependence on colour and 
CCD chip ( tj4.21 Fig. [5]). Additional concerns arise 
because that population is amongst the most ob- 
scured in the extragalactic sample {{ 



4. Uncertainties associated with the Cepheid 
distance to NGC 5128 

4.1. The (null) role of metallicity 

It has been argued that metal-rich classical 
Cepheids may exhibit a shallower (& steeper) We- 
scnheit slope than metal-poor ones, thereby intro- 
ducing a potential source of uncertainty into the 
present analysis since the chemical composition of 
the Cepheids in NGC 5128 is unknown. How- 
ever, a plot of the Wesenheit slopes inferred from 
ground-based observations of classical Cepheids 
in the Milky Way, LMC, NGC 6822, SMC, and 
IC 1613, demonstrates that the galaxies are char- 
acterized by a common VI slope over a sizeable 
abundance baseline (Fig. El a = -3.34 ± 0.08(2cr) 
& A[Fe/H]~ 1). The slope of the VI Wesenheit 
function is therefore insensitive to metallicity to 
within the uncertainties. The con trasting interpre- 
tation s and evidence presented by iTammann et al 



(|2008l) and iRiess et all (|2009af ) should be consid- 
ered. 

The Galactic calibration employed to secure 
the distance to N GC 5128 and constru ct figured] 
is based in part on lBenedict et al. ( 2007 ) HST par- 
allaxes for 10 nearby classical Cep heids, which an- 
chored the Milky Way calibration. ITammann et al. 
([20081 ) questioned the reliability of the HST par- 
allaxes since the resulting period-My ; j relations 
inferr ed from that sample do not match their func - 
tions (jTammann et al.ll2003l ; ISandage et al.ll2004l) . 



which were constructed from the best available 
data at the time. Their relations were derived 
prior to the publication of the HST parallaxes 
and the parameters for longer-period classical 
Cepheids tied to Galactic a ssociations have since 
been revised (Turner 2010l ). although continued 
work is needed to secure new calibrators and re- 
vise existing onesH The implied assertion that 
the HST paralla xes are awry is not supported 
by the results of Turner! ( 2010 ) o r figure [2j A 
central conclusion of Turnerl ( 2010l ) was that the 
classical Cepheid period-luminosity relation tied 
to the HST sample is in agreement with that in- 
ferred from cluster Cepheids. Moreover, the slope 
of the VI Wesenheit function inferred from the 
HST parallaxes matches that of ground-based 



" Facilitated by surveys initiated at the V ISTA and OMM 
2 http://nedwww.ipac.caltech.edu/le V el5/NEDlD/intro.html ^Minniti et alJlSuTol: ' lArtigau et al.ll2O10h 
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Fig. 3. — A comparison of the distances established to 
Galactic cla ssical Cepheids via th e VI Wesenheit cal- 
ibrat ions of ISandage et al] 12004 (S04), iFouque et al, 
20071 (F07), IMaiaess et alj|200a (M08), and iTurnei 
20101 (TIP) . The latter three calibrations include 



Benedict et al.l 2007 HST trigono metric parallaxes for 
10 nearby classical Cepheids. The Sandage et al.| | 2004 
dist ance scale div erges from that of lFouque et al.ll2007 
and lTurner|[2O10l by > +10% at P ~ 25 d . 



observations of classical Cepheids in the LMC, 
NGC 6822, SMC, and IC 1613 ( Fig. |2j Th e 



VI G al actic Wesenhei t funct ions of Fouquc et aL. 
(|2007t) , IMaiaess et ail (|2008l) . and iTurnerl (|201fj| ) 
estab lish a distance scale which is > 10% nearer 
than ISandage et al.l (|2004 ) at P ~ 25 d (Fig. [3). 
The VI Galactic Wesenheit calibration estab- 



lished bv lFouaue et al. ( 2007 ). partly on the basis 
of infrared surface brightness and interf eromet- 
ric Ba ade-Wesselink parallaxes, matches I Turner 
(|201dh hybrid HST / cluster Cepheid based re- 
lation within < 5% (Fig. |3j). Lastly, regarding 
the construction of Fig. [2] it is noted that the 
slope characterizing longer period Cepheids in IC 
1613 is steeper than that describing the short 



period regime. Moreover, the SMC exhibits a sig- 
nific ant break in the VI Wesenheit function (see 
also ISoszvnski et al. 2010t and references therein) . 
The LMC displays a separate trend, and efforts 
continue to characterize the discrepancy and its 
source. The reader is likewise referred to the re- 



search of Ng eow et al 



Kennicutt et~aT] (Il998l) . iMacri et al.l (2006), 



and IScowcroft et al.l ( 20091) suggest that the clas- 
sical Cepheid VI Wesenheit relation exhibits a 
zero-poin t dependence on metallicity (s ee also the 
review of iRomaniello et alj|2005l [2008), again in- 
troducing a potential source of uncertainty into 
the present analysis since the chemical composi- 
tion of the Cepheids in NGC 5128 is unknown. 
The aforementioned researchers endeavoured to 
ascertain the influence of chemical composition 
by examining the distance offset between classi- 
cal Cepheids located in the central (metal-rich) 
and outer (metal-poor) regions of a particular 
galaxy (M101, M106, M33). However, a degen- 
eracy emerges (photometric contamination) since 
the stellar density and surface brig htness often 
i ncrea se toward the central region, [m acri et al.l 
(|200ll ) noted that a substantial fraction of the 
difference in distance moduli between classical 
Cepheids occupying the inner and o uter regions 



of M1 01 c ould arise from blendi ng. IMacri et al 
(|2006l ) and lScowcroft et al.l (|2009l) employed crite- 
ria to mitigate the impact of photometric contam- 
ination so to enable an unbiased determination of 
the classical Cepheid metallicity effect from ob- 
servations of classical Cepheids in M106 and M33, 
and the reader is encouraged to consider their 
evidence. Yet the result inferred from variables 
in Ml 06 was provid ed a n alternative r ational e 
by iBono et al.l (|2008l ) and IMaiaess et all (|2009ch . 
who noted that the observed offset was too large 
to be attributed to variation s in ch emical com- 
position. Indeed, iRiess et al] (|2009al) abundance 



gradient for Ml 06 implies that initial estimates of 
the classical Cepheid metallicity effect (7* ~ —0.3 
mag dex" 1 ) nearly dou ble (Fig. [H or see Table 



12 in Riess et al. 2009a]). A comparably sizeable 



result is obtained w h en ex amining the offset be- 
tween IStetson et al.l (|1998l ) distance to classical 



Cepheids occupying the inner region of M101 and 



Kelson et al] (|1996l ) distance to classical Cepheids 
in the outer region of that same galaxy, which sam- 
ple metal-rich and metal-poor variables accord- 
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Fig. 4.— Left. [Riess et al.ll2009al abundance gradient for M106 implies that initial estimates of the VI classical 
Cepheid metallicity effect (7* ~ —0.3 mag dex~ ) nearly double. The exclusion of two datapoints implies an even 
larger value (left, top panel). A sizeable metallicity effect contradicts evidence presented by a direct comparison of 
classical Cepheids, Type II Cepheids, and RR Lyrae variables at common zero-points. Right, the distance offset 
between RR Lyrae variables and classical Cepheids in the SMC and IC 1613 is nearly negligible. The base set of 
equations employed to compute the distances are OGLE VI Wesenheit functions of LMC classical Cepheids and RR 
Lyrae variables. The comparison is independent of zero-point and uncertainties tied to extinction corrections. The 
results, in tandem with those of Fig. [21 imply that the primary source of uncertainty tied to the Cepheid distance to 
NGC 5128 is unrelated to variations in chemical composition amongst Cepheids. 



ingly ( 7 ~ —0.5 mag dex 1 , see also lMaiaess et al 
2009cf) . The results for M101 and Ml 06 are larger 
than that cited for M33 (7 ~ —0.3 mag dex -1 ). 
The results differ in yet another manner, namely 
that the slope of the VI Wesenheit function in- 
ferred from classical Cepheids sampling the inner 
region of M106 differs from the outer region, while 
the classical Cepheids of M33 (inner & outer) ex- 
hibit a comparable slope. The discrepancies are 
manifold and the proposed metallicity effect is 
nonetheless too large. 

The sizeable distance offset between the in- 
ner and outer regions of the galaxies arises from 
photometric contamination and other source(s). 
Consider the following example, in tandem with 
the results of Fig. [5J which compares the dis- 
tances to classical Cepheids and RR Lyrae vari- 
ables at a common zero-point (e.g., LMC, SMC, 
and IC 1613). The VI Wesenheit functions in- 
ferred from OGLE LMC classical Cepheids and 
RR Ly rae variables are adopted as the calibrat - 
ing set (|Udalski et Zlll999tlSoszvnski et al.ll2003l) . 
RR Lyrae variables likewise follow scatter reduced 



VI Wesenheit functions dKovacs &: Jurcsik 1997; 



Soszyhski et al. I I2003L l2009at iDi Criscienzo et al 



120071 ; lMaiaessll2009L 120101) . The distance offset be- 
tween classical Cepheids and RR Lyrae variables 
in the SMC as established via the OGLE LMC 
Wesenheit relations is: A^ — -0.04 (Fig. gj). 
The distance offset between classical Cepheids 
and RR Lyrae variables in IC 1613 as estab- 
lished via the OGLE LMC Wesenheit relations 
is: Afi ^ +0.02 (Fig. gj). The distances in- 
ferred from the standard candles agree to within 
the uncertainties, despite the neglect of metallic- 
ity corrections for variable types sampling different 
temperature, radius, and density regimes. Hence 
the evidence does not support a sizeable metallic- 
ity effect. The comparison between the variable 
types is independent of zero-point and uncertain- 
ties tied to extinction corrections. Admittedly, 
additional VI observations of extragalactic RR 
Lyrae variables are desirable and the Wesenheit 
function characterizing that population as inferred 
from pulsation models, the Magellanic Clouds, 
and globular clusters are marginally discrepant 
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Fig. 5. — The distances of classical Cepheids in 
NGC 5128 exhibit a colour and CCD chip depen- 
dence, owing partly to photometric contamination. A 
colour limited sample (mitigates contamination) yields 
D ~ 3.5 Mpc (V-I < 1.3, see Fig. [TJ). A VI Wesen- 
heit relation based on new OGLE/// observations was 
applied to infer the distance (LMC, fio = 18.5). 



(Kovacs & WalkeifeOO] 


& Di Criscienzo et al.ll2004l 


2007: Soszvnski et al. 


20093). Further work is 



needed. 

In sum, metallicity does not significantly alter 
the VI We senheit slope or zer o -point (Figs . [2] & 



H se e also Udalski et al.l 12 001: Pictrzvhski et al 



2004; Maiae ss et al 



2009alld : bono et al 



200a lMaiaessll2009i l2010h . Therefore 



concerns 

are allayed pertaining to chemical composition 
being a sizeable source of uncertainty tied to the 
Cepheid distance for NGC 5128, or the establish- 
ment of the Hubble constant. By contrast, caution 
should be exhibited when employing BV relations 
for Cepheids and RR Lyrae varia bles of differing 



abundance (jMaiaess et al.l l2009d and references 



therein). Caution is likewise urged when deriving 
a galaxy's distance and reddening via a multiwave- 
length approach which relies on Cepheid 5-band 
data. 



4.2. Extragalactic Cepheid photometry 

Alternate sources that may explain the discrep- 
ancy between the Cepheid distance to NGC 5128 
and independent indicators are now considered. 
Of particular concern is the correlation between 
the computed distances to classical Cepheids in 
NGC 5128, their colours, and the sampling CCD 
(Fig. [5]). The origin of the bias may be manifold. 

The excess reddening detected for a sizeable 
fraction of the classical Cepheids in NGC 5128 
may be an indication of photometric contami- 
nation (Fig. [IJ, which subsequently causes the 
affected stars to appear brighter and nearer 



( Stanek fc Udalskil 1 19991: iMocheiska et al.l [2000, 



20011 ). The most obscured Cepheids in the sample 
are issued the nearest distances. Applying a colour 
cut as indicated by figure [1] yields d ~ 3.5 Mpc 
(V-I< 1.3). The classical Cepheids of NGC 5128 
exhibit the largest mean colour excess of the extra- 
galactic sample examined (Fig., [6]). By contrast, 
negative mean reddenings were obtained for NGC 
3021, NGC 1309, and IC 4182, galaxies which 
host classical Ce pheids and SNe (Fig. El see also 
ISaha et aL 120061) . The reddenings for the extra- 
galactic sample (including NGC 5128) were estab- 
lished via the pe r iod-co lour relations empl o yed b y 
iFreedman et al. I (1200 ll) and lAbrahamvanl |2003h . 
Applying ISandage et al.1 (j2004J) period- Myj rela- 
tions would shift additional SNe-Cepheid calibrat- 
ing gala xies into the neg ative absorption regime 
(see also lSaha et al.ll2006l ). That calibration yields 
a mean colour excess of Ey-i — —0.17 for classical 
Cepheids in NGC 1309. Period-colour relations do 
not account for the temperature dependence in the 
strip at a given period. Consequently, reddenings 
computed for classical Cepheids on the hot edge of 
the strip will be overestimated, while reddenings 
computed for classical Cepheids on the cool edge of 
the strip will be underestimated. The photomet- 
ric errors inherent to extragalactic observations, in 
addition to internal differential reddening, exacer- 
bate the perceived spread. Period-color relations 
shall yield negative reddenings for Cepheids on the 
cool edge of the strip that are observed through 
negligible extinction, yet the mean for an entire 
sample of classical Cepheids should be null within 
the uncertainties owing to t he even dist ribution 
of variables within the strip ( Turner 200ll) . Sus- 
picion should be cast upon photometry (<fc the 
period-colour relations employed) which yield a 
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Fig. 6. — Top panels, a comparison of the reddenings established for a sample of galaxies (including NGC 5128) 
from classical Cephei ds and the NED extinction cal culator. E(V-I) is tabulated according to eq uations adopted by 
iFreedman et~afll200ll (F01) and lSandage et alj|2004l (S04), whereas E(B-V) is computed following I Abrahamvanll2003l 
(A03). Extragalactic classical Cepheid reddenings lie above the relation describing unity (dashed line). The bulk of 
the data are offset Ay — 0. m 3 beyond the foreground estimate. Classical Cepheids in NGC 5128 (red square) display 
a sizeable mean colour excess (see also Figs. [TJ [5]). By comparison, the Cepheid-SN e calibrating gala xies NGC 1309, 
NGC 3021, and IC 4182 (blue triangles) exhibit negative mean reddenings (see also lSaha et aljfeood ). 



mean extinction significantly less than the fore- 
ground estimate (Fig. [B]). Also note that classical 
Cepheids observed in remote galaxies are prefer- 
entially the brightest (massive), and may be tied 
to star forming regions immersed in obscuring ma- 
terial (long er period classical Cepheids trace spiral 
arms : e.g., Tammannl 197(1 Berdnikov fc Efremov 



19891 : iMaiaess et al.ll2009afl bl: lMaiaesdl201fj) 

The presence of floating photometric zero- 
points is a concern owing to the difficulties in- 
herent to achieving a common standardization 
particularly across a range in colour and CCDs. 



The Wesenheit relations (LMC or MW) ap- 
plied to infer the distance to NGC 5128 exhibit 
a steeper slope. The Wesenheit slope describing 
classical Cepheids in NGC 5128 is a ~ -2.9 ± 0.3 
(Fig-HJ sensi tive to the sample a nd CCD chip cho- 
sen: Fig. [5J. iRiess et aL ( 2009a ) remarked that a 
sample of classical Cepheids in metal-rich galax- 
ies hosting supernovae are likewise characterized 
by a shallow Wesenheit slope. Photometric con- 
tamination, which may preferentially affect fainter 
short period Cepheids rel ative to brighter lo ng pe- 
riod ones (e.g., Fig. 17 in Macri et"al1l2006l ). may 
bias the tilt of the inferred Wesenheit relation and 



S 



could in part explain shallower slopes. Applying 
an LMC or Galactic calibration to galaxies that 
exhibit vastly differing Wesenheit slopes shall in- 
troduce a global bias. Consider two galaxies shar- 
ing a common distance (e.g., the Leo I group) 
and spurious shallow Wesenheit slope, yet featur- 
ing variables of differing period distributions. The 
galaxy containing the classical Cepheids charac- 
terized by a shorter period distribution shall be 
issued a nearer distance. Moreover, an inhomo- 
geneous period distribution across the CCD chips 
shall result in the propagation of artifical distance 
offsets across the detectors. 

The effects described above may in sum con- 
spire to produce figure [SJ and the discrepancy be- 
tween the Cepheid distance to NGC 5128 and that 
established by independent means. Admittedly, 
further work is needed to bolster the evidence. 

Lastly, the period- redde ning function derived 



previously by the author (|Maiaess et al.l l2009q) 
was not employed here because it has become 
apparent that the purely numerical method pur- 
sued to derive the relation was swayed by poor 
calibrat ing statistics towa rd the long period 



regime (jMaiaess et al. I l2008h . The Galactic clas- 



sical Cepheid calibra tion employed by the author 
( Maiaess et al. 20081) exhibits an absence of long 
period variables save I Car, as perhaps too conser- 
vative a philosophy was imposed requiring cluster 
Cepheids enlisted in the calibration be secured 
via radial velocities or proper motions. A bias is 
introduced since £ Car lies well t oward the re d 
edge of the instability strip (see Turner 2010h . 
The author shall revisit the VI period-reddening 
formalism and subject elsewhere, an analysis that 
shall be facilitated by the recent establishment 
of spectroscopic reddenings for a sizeable sample 



of G alactic classical Cepheids (|Kovtvukh et al 
20081) . 



5. Summary &; Future Research 

The properties of classical and Type II Cepheids 
in NGC 5128 are reinvestigated by employing 
calibrations featuring the latest OGLE & HST 
data. Sources beyond an anomalous extinction 
law or variations in chemical composition amongst 
Cepheids are proposed to rationalize the signifi- 
cant discrepancy between the Cepheid distance to 
NGC 5128 and other indicators. 



Five Type II Cephe id candidates discovered by 



Ferrarese et al.l (|2007l ) in NGC 5128 exhibit VI 
Wesenheit magnitudes and colours that are con- 
sistent with the proposed designation (Fig. [T|). 
The pulsation periods could imply an RV Tau 
subclassification. RV Tau stars m ay exhibit al- 
terna ting minima and maxima (see lWils & Oterd 
2008), however, the presence of that effect can- 
not be ascertained because the observational base- 
line is only one cycle (~ 44 d ). The Type II 
Cepheids are observed through marginal extinc- 
tion, in contrast to their classical Cepheids coun- 
terparts (Figs. [HE]). 

The mean distance to NGC 5128's popu- 
lation of Type II and classical Cepheids is: 
Dtii = 3.8 ± 0.4(oa=) ± 0.8(a) Mpc and D TI = 
3.06±0.07(ct 2 )±0. 54(a) Mpc. Th e latter estimate 
is essentially that obtained by iFerrarese et al 



(2007) while employing th e canonical extinctio n 



law (R v ^ 3.3, Table 6 in IFerrarese et al.ll2007l) . 
Adopting an anomalous extinction law for classi- 
cal Cepheids in NGC 5128 owing to observations 
of SN 1982G (R v ^ 2.4) is not favoured. SNe la 
may follow smaller Ry than the canonical value 
(lElias-Rosa et alj|200d: IWang et al.l l2006t iGoobar 



20081 : iNobili k Goobarl 120081 ). Small statistics 
presently dominate the uncertainty of the Type II 
Cepheid distance to NGC 5128, mitigating the es- 
timate's importance. The mean classical Cepheid 
distance to NGC 5128 (D TI ~ 3.1 M pc) disagrees 
with other indicators by > —20% (jHarris et al 
20091) . 



The distance to the classical Cepheids in NGC 
5128 was determined by applying the latest VI 
Galactic Wese n heit calibrations which utilize 
Benedict et al. (120071) new HST trigonometric 



parallaxes for 10 n e arby classical Cepheids (e.g.. 



Fouc 


ue et al. 


2010 


). The 



2007: Maiaess et al. 2008; Turner 



The distance scale implied by th e VI 



Galactic calib rations of iFouaue et al.l (|2007) and 



Turnerl (2010) are j> 10% less than that advocated 
bvlSandaee etall t004) at P ~ 25 d (Fig. E D ) The 
Tammann et al.l (|2003l ) and ISandage et euT(j2004l ) 
relations were constructed prior to the publica- 
(120071) HST parallaxes for 



tion of Benedict et al 



10 nearby classical Cep heids, which an c hored the 
Milky Way calibration. ISandage et al.l (120041) re- 
lation forms the basis for Sandagc et al. I (120061) 
estimate of H ~ 62 km s _1 Mpc -1 . That es- 
timate is smaller than the value espoused by 
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Freedman et al.l ([20011 ) or lRiess et all and the dis- 
crepancy h ampers efforts to c onstrain cosmologi- 



cal models (Riessetal. 2009b, Table 1). The dif- 



ference amongst the VI Galactic calibrations cited 
above may explain the bulk of the disagreement 
between the estimates of Ho, however, that conclu- 
sion is somewhat presumptuous. Redetermining 
Hq to compliment the aforementioned estimates is 
desirable, but requires a scrupulous inspection of 
all the archived data while considering advances 
in the field and the assertions summarized here, 
an effort which may be pursued elsewhere. For ex- 
ample, added weight shall be given to calibrating 
galaxies which exhibit: a population of classical 
Cepheids that are characterized by a VI Wesen- 
heit slope near a ~ -3.34 ± 0.08(2cr) (Fig. [2]), 
where the slope is not imposed upon the data un- 
less reaffirmed by a least-squares fit; Cepheids that 
are issued consistent moduli across the CCD chips; 
Cepheids that are observed through low obscura- 
tion, yet marginally greater than the foreground 
extinction estimate (Fig. [6]); Cepheids that are 
sampled in low density and low surface brightness 
environments so to mitigate photometric contam- 
ination, etc. Period-colour relations and the slope 
of the VI Wesenheit function may be employed to 
screen photometry and assess quality. 

The VI Wesenheit functions describing classi- 
cal Cepheids in NGC 5128, and the SNe hosts 
NGC 3021 & NGC 1309, exhibit a shallower slope 
than calibrations of the Milky Way, LMC, NGC 
6822, SMC, and IC 1613 (Fig. 0). The discrep- 
ancy is not tied to variations in metallicity since 
ground-based observations of classical Cepheids 
in the Milky Way, LMC, NGC 6822, SMC, and 
IC 1613 feature comparable VI Wesenheit slopes 
over a sizeable abundance baseline (Fig. [2] a — 
-3.34 ± 0.08(2cr), A[Fe/H]~ 1). The aforemen- 
tioned galaxies exhibit the most precise photom- 
etry of all the Cepheid data inspected (Figs. [6]). 
The distances computed for classical Cepheids in 
NGC 5128 display a dependence on colour and 
CCD chip, which is likely attributable in part 
to photometric contamination (Figs. Q] & [5j see 
text). Applying a colour cut yields d ~ 3.5 Mpc 
(V-I < 1.3, see Fig. [[]). The classical Cepheids 
otherwise exhibit the largest mean colour excess of 
the extragalactic sample examined (Figs. Q][6]). By 
contrast, and perhaps disconcertingly, Cepheids 
tied to several galaxies hosting SNe feature neg- 



ative (o r near negligible) mean reddenings (Fig. [6j 
see also ISaha et al. 2006). The extragalactic clas- 
sical Cepheid sample displays a mean Ay — 0. m 3 
offset beyond the foreground extinction estimate 
inferred from dust maps (Fig. [5J). Fig. [5] reaffirms 
that reddenings inferred from foreground dust ex- 
tinction maps for distant galaxies are likely under- 
estimated. 

A zero-point metallicity correction is not the 
chief source of uncertainty tied to the V7-based 
Cepheid distance for NGC 5128, or the cstab- 
lishmen t of the H u bble co nstant ( VI photom- 



etry). iRiess et al.l (|2009al ) abundance gradient 
for M106 implies that initial estimates of the 
classical Cepheid metallicity effect nearly dou- 
ble (Fig. [4|. That value is too large, and con- 
tradicts a direct comparison of OGLE classical 
Cepheids and RR Lyrae variables in the Magel- 
lanic Clouds and IC 1613 which exhibit a negligi- 
ble distance offset (A^ - +0.01 ± 0.06, Fig. 0}. 
Moreover, the metallicity effect cited in the lit- 
erature and inferred from observations of M33, 
M101, and M106 is discrepant vis a vis both the 
zero-point and slope dependencies. In sum, the 
evidence indicates that the slope and zero-point 
of the classical Cepheid VI Wesenheit function 
are largely insensitive to variation s in chemical 



abundance (Figs. [2] & |H se e also lUdalski et al 
| 200ll: [Pietrzvhski et~al.ll2004l: iMaiaess et al.ll2008l 
l2009al )d: lBono et al.ll2008t lMajaessll2009l . l2010l )~A 

primary source of uncertainty tied to the Cepheid 
distance to NGC 5128, and that which hampers 
efforts to constrain cosmological models, may be 
the admittedly challenging task of obtaining pre- 
cise, commonly standardized, multiepoch, multi- 
band, comparatively uncontaminated extragalac- 
tic Cepheid photometry. 
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